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Abstract 
 
The modification of the Al-9%Si alloy with the use of a complex modifier containing Na, F and Cl was investigated in the study. The 
modifier was composed of NaCl, Na3AlF6 and NaF compounds. The modifier and the liquid Al-Si alloy were kept in the crucible for 15 
minutes. The modifier's effect relative to the weight of the processed alloy on its tensile strength was presented in graphic form. The 
results of the study indicate that the complex modifier altered the investigated properties of the eutectic Al-9%Si alloy. 
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1. Introduction 
 
  Al-Si  alloys  are  among  the  most  popular  casting  alloys. 
Binary alloys composed of aluminum and silicon are practically 
not fit for use directly after melt. Subject to the silicon content, 
they have a coarse-grained eutectic structure and, when Si content 
exceeds 13% - they are characterized by a coarse grain or a needle 
structure of primary phase  . Phase   is a hard and brittle phase. 
Coarse grains are an effective parting plane, and they lower the 
alloy's strength characteristics [1-3]. 
The  mechanical  properties  of  the  Al-Si  alloys  depends  not 
only on chemical composition but, more importantly, on the size 
and shape of the   phase and on dendritic  -phase in the solid 
state.  The  improvement  in  mechanical  properties  generally  has 
been attributed of the morphology and size of the  - and  -phase.  
In order to improve the mechanical properties of alloys, they 
are  subjected  to  modification.    Properly  selected  chemical 
elements  and  compounds,  added  to  alloy  in  the  amounts  not 
changing its chemical composition an a macroscopic scale, can 
considerably affect its structure (the so called alloy morphology) 
and mechanical properties.  It results, among others, in changes in 
structure and tensile strength.  Dispersion of phase   dendrites, 
especially eutectic ( + )-phase, causes an increment in both alloy 
strength and elongation [4-8]. 
The  structure  of  Al-Si  alloys  may  be  altered  through 
modification,  heat  processing,  etc.  One  of  the  most  popular 
modification methods involves the use of chemical elements and 
compounds. Sodium and strontium are the most commonly used 
modifiers  in  subeutectic  silumins.  Strontium  permanently 
modifies silumins, while sodium shapes their structure over a set 
period  of  time.  Non-permanent  modification  offers  a  viable 
solution  that  meets  recycling  needs,  and  it  delivers  a  broader 
spectrum of processing options. Alloys with a varied structure and 
functional properties may be formed in successive stages of the 
recycling process. Permanent modification does not offer such an 
opportunity and the resulting structure is non-modifiable. Once 
introduced,  the  applied  element  has  a  permanent  effect  on  the 
alloy's structure [9-16].  
The  modification  of  silumin  phases,  both  subeutectic  and 
supereutectic,  poses  another  research  problem.  Sodium  and 
strontium  largely  modify  the  eutectic  phase  .  The  above 
elements do not significantly modify phase   morphology. Since 
the primary characteristics of the Al-Si alloy are determined by 
eutectics,  the  discussed  modification  method  seems  to  offer  a 
sound solution. A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   8 9 - 92  90 
2. Aim of the study, methods and results 
 
The  effectiveness  of  modification,  represented  by  tensile 
strength, of the subeutectic Al-Si alloy with NaCl, Na3AlF6 and 
NaF  compounds  was  evaluated  in  the  study.  The  investigated 
alloy had a 9% silicon content. In a preliminary test, the Al-9%Si 
silumin  was  modified  separately  with  each  of  the  investigated 
elements. The achieved results supported the determination of the 
share of the analyzed compounds for the main part of the study. 
Each of the applied compounds modified the alloy's structure. The 
observed changes affected mostly phase eutectics. Assuming that 
the  investigated  properties  are  continuous  functions  of  the 
analyzed variables which may be represented in polynomial form 
with  sufficient  accuracy,  an  active  experimental  plan  was 
developed consisting of a complete factorial experiment (2
3) for 
three independent variables (Table 1). The regression equation for 
the adopted experimental plan is presented in (1) [14]. 
 
Tabele 1. 
Content of the chemical compounds used for treatment of alloy 
Element  Levels wt.% change of element 
Primary  Change  Low  High 
NaCl  0.06  0.04  0.02  0.1 
Na3AlF6  0.06  0.04  0.02  0.1 
NaF  0.06  0.04  0.02  0.1 
                  
3 2 1 123 3 2 23
3 1 13 2 1 12 3 3 2 2 1 1 0 ˆ
x x x b x x b
x x b x x b x b x b x b b y
     (1) 
 
The results were analyzed mathematically, which enabled to 
formulate  the  factor  equation  for  three  variables,  for  the 
parameters studied, at the level of significance  α = 0.05.  The 
adequacy of the above mathematical equation was verified using 
the Fischer criterion. 
The  impacts  of  individual  components  are  interrelated.  For 
comparative  purposes,  two  castings  were  produced  (without 
additions), at the beginning and at the end of the study. 
The modifier was prepared by mixing its components (1) in 
proportions indicated in the experimental plan. The modifier was 
placed  in  the  crucible  which  was  filled  with  a  corresponding 
amount of silumin at a temperature of 1023 K. The modification 
time was 15 minutes.  Molding took place manually. The mould 
structure is presented in Figure 1. The sample structures of the 
modified Al-9%Si alloy are presented in Figures 2 - 4, and its 
tensile strength characteristics are shown in Figures 5 - 10.  
The  structure  of  the  Al-9%Si  alloy  modified  with  0.02% 
NaCl, 0.02% Na3AlF6, and 0.02% NaF is presented in Figure 2. 
The presence of needle eutectics ( + ) was reported in dendritic 
phase  .  Early  stages  of  eutectic  modification  were  detected. 
Large needles of eutectic phase   were the cause of unsatisfactory 
tensile  strength.  The  structure  was  visibly  altered  when  the 
percentage content of NaCl and Na3AlF6 was increased to 0.1%. 
Eutectics was composed of fine-grained phases, and the primary 
phase   was refined. The grain size of phase   increased with the 
involvement of all three modifier components at a higher level. 
The eutectic grain size was not affected (Fig. 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Sections of the casting mold: a. section, b. top view of the 
casting mold: 1 – reservoir, 2 - cross-gate, 3 – mold, 4 - sample 
for strength tensile test 
 
 
Fig. 2. Structure of the Al-9%Si alloy modified with 0.02% NaCl, 
0.02% Na3AlF6, 0.02% NaF 
 
 
Fig. 3. Structure of the Al-9%Si alloy modified with 0.1% NaCl, 
0.1% Na3AlF6, 0.02% NaF 
 
The observed changes in phase  , as shown in Figures 3 and 
4, suggest that a higher NaF content with unmodified content of 
the remaining two components could increase the grain size of 
phase  .  The  above  could  be  a  preliminary  symptom  of  alloy 
overmodification. This assumption is supported by the results of a 
tensile test. An insignificant decrease in tnsile strength was noted 
after an increase in the NaF content. With the application of 0.1% 
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NaCl and Na3AlF6, the increase in NaF content from 0.02% to 
0.1% resulted in higher tensile strength (Fig. 9 and 10).  
 
 
Fig. 4. Structure of the Al-9%Si alloy modified with 0.1% NaCl, 
0.1% Na3AlF6, 0.41% NaF 
 
Tensile strength (Rm) of the Al-9%Si alloy mdified with Na, F 
and Cl cmpounds shows on Fig. 5-10 
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Fig. 5. Tensile strength (Rm)  of the Al-9%Si alloy modified with 
Na3AlF6 <0.02, 0.1> [%], NaF <0.02, 0.1> [%], NaCl=0.02% 
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Fig. 6. Tensile strength (Rm)  of the Al-9%Si alloy modified with  
Na3AlF6 <0.02, 0.1> [%], NaF <0.02, 0.1> [%], NaCl=0.1% 
 
The results presented in Figure 8 indicate that changes in NaF 
content  do  not  alter  tensile  strength  parameters  when  the 
remaining components are maintained at a level of  0.8% NaCl 
and  0.1%  Na3AlF6.  Minor  changes  in  the  NaCl  content  were 
reported for 0.1% NaF. 
 
0,02
0,06
0,1
NaF  [%] 0,02
0,06
0,1
NaCl  [%]
R
m
 
 
[
M
P
a
]
 
 
Fig. 7. Tensile strength (Rm)  of the Al-9%Si alloy modified with 
NaCl <0.02, 0.1> [%], NaF <0.02, 0.1> [%], Na3AlF6=0.02% 
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Fig. 8. Tensile strength (Rm)  of the Al-9%Si alloy modified with 
NaCl <0.02, 0.1> [%], NaF <0.02, 0.1> [%], Na3AlF6=0.1% 
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Fig. 9. Tensile strength (Rm)  of the Al-9%Si alloy modified with 
NaCl  <0.02, 0.1> [%], Na3AlF6 <0.02, 0.1> [%], NaF =0.02% 
 
The  Na3AlF6  compound  induces  highly  significant  changes 
(Fig. 7 and 8). Regardless of the content of the remaining two 
compounds,  a  change  in  Na3AlF6  levels  from  0.02%  to  0.1% 
increases Rm by approximately 20 MPa. Alloy overmodification 
was not noted at 0.02% Na3AlF6. Similar results were reported for 
NaCl and NaF. An increase in the NaCl content from 0.02% to 
0.1% did not produce significant changes (Fig. 5 and 6). A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   1 / 2 0 1 0 ,   8 9 - 92  92 
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Fig. 10. Tensile strength (Rm)  of the Al-9%Si alloy modified with 
NaCl  <0.02, 0.1> [%], Na3AlF6 <0.02, 0.1> [%], NaF =0.1% 
 
 
3. Conclusions 
 
The  addition  of  each  of  the  proposed  compounds  modifies 
alloy structure. Tensile strength was most affected by the content 
of  Na3AlF6,  and  it  was  least  affected  by  NaCl.  Each  of  the 
investigated compounds exerts an effect in combination with the 
remaining substances. The changes in alloy structure and tensile 
strength  after  modification  are  determined  by  the  modifier's 
composition.  
The results of this study indicate that Na3AlF6 has a positive 
modifying effect. Further research is required to investigate the 
combined effect of this compound and other chemical substances, 
in particular those contributing to the refinement of primary phase 
. 
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